Study Design. Exposure discordant twin study. Objective. To investigate the effect of injury on lumbar disc degeneration in monozygotic twins with discordant exposures to recalled previous injury/trauma to the lumbar spine.
During the last 15 years, beliefs regarding the determinants of disc degeneration have changed markedly. Previously it was believed that the primary determinants included age, gender, cigarette smoking, exposure to vehicular vibration and, in particular, occupational physical loading. 1 More recently it has been demonstrated that most of these factors have at most relatively minor influences on disc degeneration [2] [3] [4] and routine loading may actually have some benefits for the lumbar discs in terms of slowing desiccation. 5 Alternatively, genetic factors have been shown to be strong determinants of disc degeneration. 6 -8 Despite the significant role of genetic influences, there remains a large amount of disc degeneration, especially in the lower lumbar spine, which is not explained by either genetics or currently investigated environmental factors. 7 One possible important determinant of disc degeneration that has undergone limited investigation is previous back injury. Injury in this context and for the rest of this manuscript refers to a specific significant incident or accident, involving excessive loading or trauma likely to result in tissue damage. Injury may influence the disc structure and mechanics in a manner that accelerates the degenerative process. Animal studies have shown rapid disc degeneration after surgically induced peripheral anular lesions. 9 Two previous studies investigating the relationship between vertebral fractures and disc degeneration, found conflicting results. 10, 11 Kerttula et al 10 found young people with previous vertebral compression fractures had greater amounts of disc degeneration than healthy controls. This study has been criticized for failure to control for important confounders, including genetics, but provides preliminary evidence for an association between injury and disc degeneration. 12 Another piece of evidence suggesting that injury, in the form of a needle puncture, may influence disc degeneration comes from a recent study, which found discography resulted in increased disc degeneration over the following 10 years. 13 Disc degeneration is a complex process and there is no universally accepted method for measuring it. Disc degeneration measured on magnetic resonance imaging (MRI) can include measures of signal intensity and disc narrowing among others. However, disc desiccation as indicated through signal loss on MRI is the finding most highly associated with ageing and may be most sensitive for the detection of early changes in the degenerative process.
14 Disc height narrowing represents substantial, end-stage disc degeneration, and has been found to be most highly associated with a history of back pain problems. 15 Disc height narrowing and signal intensity have conventionally been measured using qualitative scores such as a 0 to 3 scale, where 0 represents normal and 1 to 3 represents progressive worsening. 16 These scales, however, lack sensitivity to change and have moderate reliability. 16 More recently, quantitative measures for disc height narrowing and signal intensity have been developed that allow smaller changes to be detected with greater reliability. 17 The aim of this study was to investigate the effects of injury on lumbar disc degeneration in monozygotic twins with discordant exposures to recalled previous injury/ trauma to the lumbar spine. We hypothesized that previous injury/trauma exposure would be associated with cotwin differences in disc degeneration, and the association would be stronger with localized degenerative findings (the greatest difference in degeneration at any one lumbar level) than for mean degeneration across the lumbar spine.
Materials and Methods

Participants/Inclusion Criteria
The subjects for this study were drawn from 152 male monozygotic twin pairs from the Twin Spine Study who came from the population-based Finnish Twin Cohort. The Finish Twin Cohort has been shown to be representative of the Finnish population, 18 and the Twin Spine Study sample has been found to be highly representative, as well. 19 For the current study, we selected twin pairs with discordant exposure to injury of the low back. The twin spine study was approved by the Ethical Committee of the Department of Public Health and the Human Subjects Committee.
Data on exposure to low back injuries were obtained during an extensive structured interview. 19 To assist accurate recall of injuries, participants were asked to first report every job they had previously held since adolescence, all exercise or sporting activities, and other leisure activities in which they had regularly participated. After discussion of each job, sport, and leisure activity participants were asked if they had suffered an injury. If an injury had occurred, details of the injury were collected including the nature of the injury, number of injuries, and body region involved. In some cases, participants provided a specific year or age when the injury occurred allowing estimation of the time between injury and MRI scan. In other cases participants provided only the range of years in which they participated in the job or activity in which the back injury occurred. In these cases, we used the most recent date of the range to ensure conservative estimates of the time from injury to imaging. When more than one back injury was reported, we calculated the date based on the first reported injury. Participants were also asked about any previous fractures to the spine or other regions.
Pairs of exposure-discordant twins were selected for this study based on the interview data noted earlier using the following criteria. One twin recalled one or more back "injuries" related to sport, leisure, or work activities, or an episode of sudden onset low back pain associated with an exceptional physical activity (at work), whereas his cotwin had no recall of any such events. In addition, pairs were excluded if the unaffected twin had a history of trunk or femur fractures, implying major trauma that may have also affected the lumbar spine. A history of back pain of gradual or sudden onset, associated with commonly performed activities or no clear inciting event, was not taken into account in study sample selection.
Assessment of Disc Degeneration
The 2 measures of disc degeneration used in this study were disc height and disc signal intensity. Both were quantitatively measured using spine MRI image analysis software (Spex 2.72). To control for diurnal and activity effects on the disc all participants spent 30 to 45 minutes lying supine before MRI scanning and cotwins were imaged one after the other in the same 1.5 Tesla scanner. A full description of the MRI protocol and sequences used has been described previously. 7 Quantitative measures for disc height were obtained from the midsagittal section by dividing the disc area contained between the theoretical vertebral borders (corners) by the diameter of this area. Disc signal intensity was calculated as the ratio of the mean signal intensity of the whole disc to the adjacent cerebrospinal fluid, as described previously. 19 The reliability of these quantitative measures for disc height (intraclass correlation coefficient ϭ 0.99) 17 and disc signal intensity (intraclass correlation coefficient ϭ 0.95-0.98) 7 has been shown to be excellent. We measured cotwin differences in disc height and signal intensity in 2 different ways. The primary outcome was the greatest difference in disc degeneration at any one lumbar level as we hypothesized that injury was most likely to result in localized degenerative findings. For disc height, this is expressed as a percentage, to account for normal variation in size from L1-L2 to L5-S1. Our secondary measure of disc height and disc signal intensity was the average score for all lumbar levels.
Possible Confounding Factors
The information gathered from the extensive, structured interview provided the opportunity to consider a number of possible confounding factors beyond those controlled for by the inclusion of monozygotic twins ( Table 1 ). The additional confounders were selected either because they have been shown to be associated with disc degeneration or their potential relationship with sport, work, and leisure activities where injuries occurred. Lifetime mean-weighted summary measures were formed for an overall measure of occupational loading (scaled 1-4 with 4 representing greatest loading), frequency of exercise and sport participation, weight training, and leisure time activities, involving heavy physical loading. In addition, the heaviest weightlifted at least once a month at a job was estimated.
Statistical Analysis
We compared the outcomes of disc height narrowing and signal intensity between cotwins using paired t tests. Separate analyses were preformed for the measures of lumbar level of greatest cotwin discordance and for mean scores. The distribution of potential confounders between cotwins with and without a history of injury was also examined using the Wilcox signed rank statistic, a nonparametric test for paired data. When potential confounders were found to be unbalanced between exposed and control twins, we used regression modeling to assess their influence on the association between injury and disc degeneration (the 2 measures of disc height narrowing and signal intensity). In each model, we regressed paired differences in degeneration on the paired difference in a potential confounder, and compared the estimate of the intercept to the original difference in degeneration. The effects of time since first injury and the number of injuries in the injured twin were also assessed in regression modeling. Post hoc analyses of disc height were conducted separately by the number of injuries.
Results
Thirty-eight pairs of cotwins with discordant histories for back injury were included. The mean age of the twins was 50.2 years (SD, 9.7). In 25 cases, the injured twin reported 1 back injury and in 13 cases the injured twin reported 2 back injuries. In all cases, the cotwin reported no recalled back injury. The majority of reported back injuries occurred during work (38/51) and sport (11/51) with the remainder occurring during leisure activities (2/ 51). The mean period between first reported injury and MRI scan in the injured twins was 18.6 years (SD, 15.0). Injured twins and their cotwins reported similar exposure to potential confounders, with the exception of the heaviest weight lifted at work on a monthly basis, which was greater in the injured twins (Table 1) . Exposure to injury was not associated with increased disc degeneration measured as either disc height narrowing or signal intensity (Table 2, Figure 1) . The results held when disc height or signal intensity was measured as the largest difference at any disc level, or as the mean score (Table 2 ). There was no indication that the time since injury was associated with cotwin differences in either disc height narrowing or disc signal intensity ( Figure  2) . Controlling for the differences in the maximum weight lifted monthly increased magnitude of the estimates of the differences for all 4 MRI outcomes, but the differences were still not statistically significant (P Ͼ0.19).
Discussion
The primary finding of this study was that recalled back injuries were not associated with subsequent increased disc degeneration, as either localized or mean disc height narrowing or signal loss. The use of monozygotic twins with different exposure to back injury means our analysis controlled for important confounders such as age, gender and genotype, as well as potentially unidentified confounding factors that are likely to be more similar between monozygotic cotwins than other matched controls. Of the other confounders that we investigated, all were closely matched between cotwins apart from heaviest weight lifted on the job at least monthly, which was somewhat higher in the injured twin (67.2 vs. 51.0). Paired differences in disc degeneration remained nonsignificant after controlling for the difference in heaviest weight lifted. The high levels of control possible in this design and the precision of the quantitative measures of disc degeneration strengthen the findings and make it unlikely that any worthwhile association between recalled history of back injury and future disc degeneration exists.
There is limited previous work on the relationship between structural pathology and disc degeneration to compare with our results. Two studies investigated the association between vertebral fracture and subsequent disc degeneration. Kertulla et al 10 found fractures to the vertebral endplates were associated with increased rates of disc degeneration whereas most discs adjacent to fractured vertebrae without endplate damage were normal. Conversely, in a study of patients with thoracolumbar spine fractures imaged at a minimum of 18 months postinjury, Oner et al failed to identify consistent changes to disc signal intensity. 11 They concluded that their results do not support the theory of a traumatic origin to disc degeneration. A clear difference between both studies and ours is the nature of the trauma or injury investigated. In the present study, the exposure to injury was based on a recalled event likely to have involved tissue damage rather than a specific pathologic injury identified through radiologic testing. Identifying clear structural damage in most patients post back injury, apart from rare cases including fractures, is seldom possible. Thus, back injury is typically inferred only by the experience of sudden onset back pain following trauma or a specific activity involving unusually high *This is a percent difference, so that differences in magnitude in the L1-S1 discs are directly comparable. SD indicates standard deviation; CI, confidence interval.
forces. Our results do not rule out specific tissue damage such as vertebral endplate fractures as being associated with disc degeneration. The results do, however, suggest that significant back-related injuries as reported by patients do not typically accelerate disc height narrowing or desiccation.
If injury were to predict future disc degeneration it is not known how much time is required before this might become measurable on MRI. A recent publication found that 10 years after needle puncture during discography, patients had more degeneration than matched controls. 13 In our study, we did not find any relationship between time since first reported injury and cotwin difference in disc degeneration. This strengthens our finding of reported injury not being associated with future disc degeneration, as even those cases where the reported injury was many years ago did not demonstrate increased cotwin differences in disc degeneration.
In the current study, we used quantitative measures of both disc narrowing and disc signal intensity. These continuous measures have been shown to be more sensitive to associations with disc degeneration than widely used qualitative measures. For example, age has been shown to explain up to 32% of the variance in disc signal intensity as measured in this study, whereas age explained only up to 8% of qualitative disc degeneration measures. 14 The design of the current study where comparisons were always based on single level differences between cotwins enabled the use of these highly sensitive quantitative measures. The high sensitivity and reliability of the outcome measures used in this study make it unlikely that meaningful associations between reported injury and disc degeneration were missed.
A limitation of our study is the reliance on recall of injuries. Yet, recalled injuries have been found to predict subsequent degenerative changes in a study of ankle injuries and osteoarthritis. 20 A study investigating reliability of recalled musculoskeletal symptoms and work history found good reliability for reporting of injuries. Reporting of injuries was more reliable than other information investigated, including reporting of symptoms. 21 To optimize recall in the present study, we used a struc- tured interview that systematically identified each job, sport, and leisure activity, before asking for participants to recall injuries associated with each. We wanted to include significant back injuries and the nature of these increases the likelihood of recall. We also limited inclusion into the study to twin pairs where one of the twins had no recall of any back injury. It seems unlikely that the twins reporting no back injury would have no recall of such a significant event, particularly with repeated prompting during the extensive interview. Recent work has not supported a model of disc degeneration based on cumulative or repetitive loading. 5 Another injury model of disc degeneration is that of a single, exceptional, traumatic event where forces exceed tissue strength. Yet, little previous evidence exists for or against this injury model of disc degeneration beyond major trauma involving endplate fracture or needle puncture to the disc. The current study suggests that back injury based on patient report is not an important predictor of future disc degeneration.
Key Points
• Recalled back trauma/injury was not associated with subsequent increased disc degeneration (disc height narrowing or signal loss).
• Furthermore, the number of reported injuries was not associated with cotwin differences in disc degeneration, nor was time since first reported injury.
• It would appear that a history of recalled back trauma/injury is not a risk factor for accelerated disc degeneration. However, these results do not apply to severe trauma, such as involving fracture of the vertebral endplate, which was not specifically studied.
